In four groups of persons, l/healthy individuals, 2/ patients with diabetes mellitus, 3/ patients with peripheral vascular disease, and 4/ patients with hyperthyroidism, the urinary excretion of frce cortisol, cortisone, cortisol sulfate and cortisone sulfate was estimated. In groups 2 and 3 the excretion of all four substances was elevated. In hyperthyroidism a preponderance of free cortisone over cortisol was registered. The ratias of the followed substances suggest in patients with peripheral vascular disease a detoriation in the normal excretion of the followed corticoids, based on a preponderance of ll-OH-corticosteroids over their II-oxo-denvatives. This observation could be implicated in the mild hyperglycemia or decreased glucose tolerance, tha t is often found in atherosclerotic disease.
Introduction
The major gluconeogenetic actions of adrenal steroids have been weil documented in the last years (Long, Katzin and Fry 1940) . Cortisol, as weil as cortisone treatment results in hyperglycemia, glycosuria, and partially also in permanent diabetes, therefore these two steroids are characterized as "diabetogenic hormones" (Pfelffer 1965) . However, the pituitary-adrenal function in conditions of hyperglycemia or decreased glucose tolerance as seen in diabetes, atherosclerosis (Jorisch-v. Schweder, Huchzermeyer, Alexander and Mitzkat 1975; v. Löwis, Menar and Klemens 1972; Boden 1971; Enger and Ritland 1973; Vyden, Thorner, Nagasawa, Takano, Groseth-Dittrich, Perlow and Swan 1975) and hyperthyroidism (Kreines, Jett and Knowles 1965; Jackson, Hassan, Prentice and Browning 1966) is still under discussion. There are numerous but contradictory findings about adrenal function in diabetics. Normal concentrations of plasma (Poznanski 1967; Szücs and Scap6 1964) and urinary (Mortimore, Irvine, Hopper and Forsham 1956) corticoids were reported in contrast to inereased corticosteroid values (Lente and Thomas 1964; Hütller and Scholz 1970) whieh are observed mainly in diabetic acidosis and coma (Wieland, Schachner, Kruger, Maynard and Hamwi 1965; V. der Nahmer, Miss and Jahnke 1971) . Also the diurnal rhythm of Received: 5 Sept. 1977 Accepted: 20 Febr.1978 cortisol in diabetics was reported as being normal (Serio, Tarquini, Contini, Bucalossi and Toccafondi 1968) of altered (Garten, Hubl and Günther 1970) and a seeond inerease of plasma ACTH was registered in diabetic patients at midnight (Pfelffer 1965) . The involvment of the pituitary-adrenal system in subjeets with atherosclerosis is poorly understood. In patients with a previous myoeardial infarction was found an inereased exeretion of all three major II-oxo-17-ketosteroids but not of the other metabolites of eortisol (Marmors ton, Geiler, Weiner, A llain, Pare, Bush and Roberts 1970) . In patients with ischemic heart disease were reported normal values of 17-ketogenic stcroids too (Feit 1971) .
Beeause of the diurnal variation of cortisol, as weil as the episodic secretion during the 24-hour sleepwaking cycle (Weitzman, Fukushima, Nogeire, Roff ward, Gallagher and Hellman 1971) , the measurement of urinary free cortisol appears to be the best direct means of evaluating the adrenal eortieal function (Ruder, Guy and Lipsett 1972; Tyler and West 1972; Köberling, v.z. Mühlen and Hesch 1973) . The estimated excretion of free cortisol (F), cortisone (E), cortisol sulfate (FS), and cortisone sulfate (ES) in 24 hour urine in healthy subjects and in patients suffering from diabetes mellitus, peripheral vascular disease (PVD) and hyperthyroidism are analyzed in this paper.
Subjects
The study includcd four groups 01' persons: G I eighteen healthy individuals (8 male, 10 female, ages 22-54), G-2 seventeen patients with clinical diabetes mellitus (7 male, 10 female, ages 19--60), G-3 sixteen patients with peripheral vascular disease (male, ages 36--60) and G -4 fourteen patients with hyperthyroidism (female, ages 26 -60). In the group of diabetic patients two of them were freshly discovered diabetics, the other were insulin-dependent. None of them was in ketoacidosis. In ten patients was prescnt the evidence of atherosclerotic lesions. In patients of G --3 the presence of PVD was arteriographically identified. In the group of hyperthyroidism were all patients be fore receiving antithyroid medication. Seven patients over 60 years (3 diabetics, 4 patients with PVD) were omitted from the study because 01' subnormally low values of cxcreted free cortisol. The me an fasting blood glucoselevelswereforG 14,42±0,62mmol/l,forG-2 16,55±5,06mmol/l,forG-3 6,61 ± 1.17mmol/l,forG-4 6,05 ± 1,11 mmol/I, rcspectivcly. The values 01' G-2, G3 and G-4 were significantly higher than in the control group. 
Materials and Methods
Urines were colleeted during 24 h without preservation and analyzed immediately. The free corticosteroids were extracted at pH 1 with chloroform and separated preliminary through a ~ilica gel column (Stanl:tikovti 1969) . After evaporation of the eluate containing the total amount of cortisol and cortisone, thin-Iayer separation of F and E on Silufol UV 253 was pcrforrned. After detection of the substances at 253 nm the appropriate zones were eluted with methanol for 24 h at room temperature, fittered, evaporated and quantitatively estimated by means of a micro-modification of the Porter-Silber re action. After the extraction of the free steroids, the urine samples were saturated with NaCI, extracted with ethyl acetate and subjected to solvolysis (Burstein und Lieberman 1958) . The estimation of cortisol and cortisone splitted by this procedure from FS and ES, was performed by the same analytical way as described above for free corticoids. The analytical procedure was previously published in detail (Stanl:tikova 1975) . The values of FS and ES are expressed in the amounts of free steroids, liberated by solvolytic procedure without regard on thc molecular weights of their anions.
The following statistical data analyses were performed: Student's t-test for calculations of statistical significance, and correlation coefficients (Pearson's moment-product correlati on) to establish relationships between studied parameters.
Results
The excretion of free cortisol in 24 h urine is significantly increased in G~2 and G~3, as shown in Table I . Between G -2 and G~3 no difference was noted. Similarly, the excretion ofurinary free Eis in G~2 and G-3 elevated and in G~4 is apparent a preponderance of cortisone toward cortisol. This observation is in agreement with the results of Hellman, Bradlow, Zumoff and Gallagher (1961) , showing an increased ratio of cortisone to cortisol metabolites in hyperthyroidism.
The excretion of FS and ES is significantly higher in G~2 and G~3 in comparison to G~1 and G~4 (Table 1) . The mean values of FS are very similar in groups 2 and 3. The excretion of ES in these two groups is distinct and the higher values of this substance are noted in diabetics. The total sum of steroid sulfates in G~4 is higher, as seen in the control group.
The correlation of substances, F, E, FS, ES as weil as the total sum of F + E (FC) and FS + ES (S C) is shown in Table 2 . The mean excretion of Fand E to FC, and FS, ES to SC is alsways highly correlated. In G~2 and G-4 was found no correlation between Fand E. In G~2, G-3 and G~4 was noted a high correlation between FC and SC. On particular interest is the observation, that F S is not in correlation with thc urinary free cortisol in any of the studied groups in contrary to ES, which is always, except for G~3, in a positive correlation with F, whether the values are normal (G~l) or increased (G~2). Also the correlation of E to ES in G~3 is different in comparison to G-2 and G~ 1. Based on this findings can be drown the conclusion, that the greatest differences in the excretion of the four estimated steroids occure in the relationship of E and ES to the remaining two substances. Table 3 shows the ratios of the analyzed steroids. The ratio between F and E is decreased in G-2 and G~4, but not statistically significant. As already has been pointed out there is in hyperthyroidism a preponderance of II-oxo metabolites of cortisol. In this study is registered the same observation in diabetic patients with concomitant increased excretion of free F and E. a prevalance of cortisol sulfate. The ratio of FS / F in all groups is comparable. In the ratio of FS / E is evident a shift towards the excreted FS in G-3.
The most profound alterations in all four groups are expressed in the ratio of ES / F. The highest ratio of 1,76 was shown in diabetics, the lowest of 1,00 in patients with PVD. The relationship between cortisone sulfate and free cortisol sharply distinguishes the G-3 from all other and suggests a preponderance of urinary free cortisol over cortisone and cortisone sulfate.
The obtained results suggest that in diabetes the excretion of E, ES and FS is favored, in PVD the II-hydroxycorticoids, F and FS are in predominance and the oxidation at C-II can be supposed as insufficient or delayed. In the group of hyperthyroidism there is registered only the increased excretion of free cortisone.
Discussion
As already has been pointed out the publications abou t adrenal function in diabetes are contradictory. In experimental diabetes the obtained results suggest that the adrenal function is implicated in the diabetic syndrome (L :4ge, Langholz, Fechner and Salzmann 1974; Wexler and Lutmer 1975 ; Naeser 1974; DeNicola. Fridman, Dei Castillo and Foglia 1976) . In opposite, diabetes could exert alterations in steroid metabolism. In liver preparations of diabetic rats is demonstrable a diminished reduction of the double bound in the C-4, 5-position, which is the rate-limiting step for the inactivation of the free steroid (Garren and Cahill1963; Schr.iefers, Herborn and Pohl 1964) . The results reported in this communication suggest an increased excretion of free cortisol, cortisol sulfate and cortisone sulfate in clinical diabetes as weil as a preponderance of the Il-oxo metabolites, E and E S, respectively. These findings are in so me accordance with the results of Hüther and Scholz (1970) . They found in clinical diabetes an increased plasma production rate of cortisol as weil as its higher clearance rate with concomitant normal values of plasma cortisol concentrations measured fluorometrically.
The alterations in the metabolism of cortisol in hyperthyroidism are weil documented. Despite the increased cortisol secretory rate the mean values of plasma cortisol are normal (Gallagher, Hellman, Finkelstein, Yoshida, Weitzman. Rowffard and Fukushima 1972' Linqueue, Lefebvre. Racadot, Cappoen and Fon-' taine-Delort 1976) and it can be concluded that the supply of organs with this steroid is not greater than normal. An explanation for this conclusion can be drown from an accelerated peripheral metabolism of cortisol, the resultant briefer halftime (Brown, Englert and Wallach 1958; Peterson and Wyngaarden 1955) and the greater production of II-oxo-derivatives. In addition, in hyperthyroidism more 24-hour episodic increases of secreted cortisol than normal were demonstrated (Gallagher. Hellman, Finkelstein, Yoshida, Weitzman, Roffward and Fukushima 1972) . The changes in metabolism of cortisol that were observed in patients suffering from diabetes mellitus with a preponderance of II-oxo-metabolites suggest possible evidence for a similar compensatory mechanism in the overproduction of cortisol existing in this disease.
Increased levels of excreted free corticosteroids and corticosteroid sulfates were observed in peripheral vascular disease. In atherosclerotic disease the metabolism of corticoids is not weil documented. Experimental results in spontaneous arterioslerotic rats suggest mainly in the early phase of the disease an abnormal adrenal and pituitary function (Wexler and Greenberg 1974; fams and Wexler 1976; Wexler and Lutmer 1975) . As quotted above, in patients with a previous myocardial infarction was reported an increased excretion of the three major 11-oxo-17-keto steroids l1-ketoetiocholanolone, l1-ß-hydroxyandrostcrone and ll-ß-hydroxyetiocholanolone, bu t there were found normal values of 17-ketogenic steroids, tetrahydrocortisone , tetrahydrocortisol and allo-tetrahydrocortisol (Marmoston, Geiler, Wein er, Allain. Pare, Bush and Roberts 1970) . The finding of elevated 11-oxo-17 -ketosteroids in patients with a high risk of myocardial infarction is in accordance with the high excretion of cortisol sulfate in patients with P V D. In adult subjects a great portion of these three metabolites is formed from exogenously administered cortisol sulfate (Nakada. Fukushima, Bradlow, Hel/man and Gallagher 1969; Hall and Giroud 1970) . The increased urinary free cortisol observed in patients with P V D leads to the possibility of an intensive action of cortisol at the cellular level. In spite of the "anti-insulin" action of cortisol Plager. Matsui and Ariyoshi 1969; Ashmore and Morgan 1967) the hyperglycemia that appears very frequently in atherosclerotic disease could be a consequence of an altered metabolism of cortisol.
The function of steroid sulfates in the global metabolism of corticosteroids is not yet precisely known. After administration of cortisol and corticosterone to man the great part of these two corticoids was found in the urine in ester sulfate fraction (Pasqualini 1960; Pasqualini and Jayle 1961) . In human urine the C-21-yl sulfates of cortisol and cortisone were isolated and identificated also without administration of the free steroid (Kornei, Miyabo and Takeda 1971; Klein, Kertesz, Cham and Giroud 1971) . The elevated levels of corticosteroid sulfates in blood and urine (Kornel and Motohashi 1965; Kornel and Takeda 1967) , observed in essential hypertension seems to be a characteristic feature of this illness. Sulfo conjugates of steroids might be of metabolie import an ce , because of that at the metabolie level, conjugation of the free steroid can either protect the substance against liver inactivation, thus making them available for further metabolism, or control circulating concentrat ions of free active hormones (Lebeau and Baulieu 1973) . For dehydroepiandrosterone such a way of desulfation and further metabolism of the free steroid, as weH his resulfation and a direct metabolism of the conjugate seems to be weH documented. The first indirect way is of importance for a "delayed" on "protected" metabolism of the free hormone (Lebeau and Baulieu 1973 : 63-73 (1976) cortisol and cortisone sulfate might have a part in cortisol metabolism and action. The lowest ratio of E S/F and the highest ratio of F SIE wh ich are registered in peripheral vascular disease suggest a detoriation in the normal excretion of these four steroids, based on a preponderance of ll-OH-corticosteroids over their 11-oxo-derivatives, with concomitant elevated levels of the excreted steroids. This observation could be implicated in the mild hyperglycemia or decreased glucose tolerance that is often found in atherosclerotic disease.
